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sheet  and  rill  erosion  based  upon  factors  repre¬ 
senting  climate,  soil  erodibility.  topography,  cover, 
and  conservation  support  practices.  The  erosion 
estimate  is  compared  to  erosion  tolerance  values 
to  produce  an  expression  of  the  current  erosion 
status.  An  index  of  inherent  site  erodtoility  is  also 
achieved  through  manipulation  of  the  USLE 
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ry,  and  ground-truth  vegetation  transects,  data 
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ties  of  military  training  activities. 
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FOREWORD 


This  is  a  reprint,  with  permission,  of  an  article  published  in  Environmental  Management ,  Vol  13, 
No.  2  (Springer- Verlag,  1989). 

The  work  was  funded  by  the  U.S.  Army  Engineering  and  Housing  Support  Center  (USAEHSC), 
under  Project  4A162720A896,  "Base  Facility  Environmental  Quality";  Work  Unit  NN-TH9,  "Advanced 
Methods  for  Evaluating/Monitoring  Training  Land  Soil  Resources."  The  USAEHSC  technical  monitor 
was  Mr.  Donald  M.  Bandel,  CEHSC-FN. 

The  research  was  performed  bv  the  Environmental  Division  (EM)  of  the  U.S.  Army  Construction 
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An  Erosion-Based  Land  Classification  System  for 
Military  Installations 


STEVEN  D.  WARREN 
VICTOR  E.  DIERSING 
PAMELA  J.  THOMPSON 
WILLIAM  0.  GORAN 

US  Army  Construction  Engineering  Research  Laboratory 
Environmental  Division 
PO  Box  4005 

Champaign.  Illinois  61820.  USA 

ABSTRACT  /  The  universal  soil  loss  equation  (USLE)  has 
been  integrated  with  a  geographic  information  system  known 
as  the  geographical  resources  analysis  support  system 
(GRASS)  to  create  a  land  classification  system  for  use  by 
military  trainers  and  land  managers  to  minimize  the  environ¬ 
mental  impacts  of  military  training  activities  The  USLE  pro¬ 


vides  an  estimate  of  current  average  annual  sheet  and  rill 
erosion  based  upon  factors  representing  climate,  soil  erodi- 
bility,  topography,  cover,  and  conservation  support  practices 
The  erosion  estimate  is  compared  to  erosion  tolerance  values 
to  produce  an  expression  of  the  current  erosion  status.  An 
index  of  inherent  site  erodibility  is  also  achieved  through  ma¬ 
nipulation  of  the  USLE.  Based  on  published  soil  surveys,  sat¬ 
ellite  imagery,  and  ground-truth  vegetation  transects,  data 
layers  are  created  within  GRASS  for  each  of  the  component 
factors  of  the  USLE.  Appropriate  mathematical  operations  are 
performed  with  the  data  layers,  and  color-coded  maps  are 
produced  that  represent  the  erosion  status  and  erodibility 
•ndex  for  each  50-m  x  50-m  area  of  soil  surface.  These 
mans  aid  military  trainers  and  land  managers  in  scheduling 
appropriate  kinds  and  intensities  of  military  training  activities. 


I11  recent  years,  there  has  been  a  growing  interest 
within  the  military  community  regarding  the  environ¬ 
mental  condition  of  military  training  areas  that  have 
supported  intensified  training  activities,  particularly 
armored  vehicle  training  (I)iersing  and  Severinghatis 
1984,  Eriksson  i97f>,  Goran  and  others  1988,  Johnson 
1982,  Severinghaus  and  Goran  1981,  Severinghaus 
and  others  1979,  Stewart  and  others  1987).  Of  partic¬ 
ular  concern  to  military  trainers  and  land  managers  is 
the  potential  for  damage  to  vegetation  and  soil  and 
subsequent  soil  erosion  (Goler  1987,  Marsh  1986).  As 
the  frequency  and  intensity  of  military  training  in¬ 
creases  and  the  soil  surface  becomes  increasingly  dis¬ 
turbed,  the  protective  vegetation  may  lie  lost  and  soil 
erosion  accelerated.  If  allowed  to  continue  unchecked, 
extensive  damage  from  gullying,  sedimentation,  and 
flooding  may  occur  Such  damage  is  not  only  expen¬ 
sive  to  repair,  but  also  diminishes  the  realism  and  lon- 
gevitv  of  military  training  lands  and  jeopardizes  the 
safety  of  soldiers  and  equipment.  In  order  10  minimize 
maintenance  costs  and  ensure  the  long-term  utility  of 
military  training  lands,  it  is  necessary  to  inventory  and 
classify  the  lands  relative  to  their  environmental  condi¬ 
tion  and  their  ability  to  sustain  various  kinds  and  in¬ 
tensities  of  military  training  in  the  future. 

Many  existing  land  capability  classification  systems, 
such  as  the  one  developed  by  the  US  Department  of 


KEY  WORDS  Geographic  information  system.  Universal  soil  loss 
equation  Remote  sensing.  Satellite  imagery.  Erodibility 
index.  Erosion  status 


Agriculture,  Soil  Conservation  Service  (Klingbiel 
1958),  are  qualitative  in  nature  and  are  based  upon 
agronomic  land  uses.  As  such,  they  have  only  limited 
applicability  to  military  needs  and  concerns.  Soil  ero¬ 
sion,  however,  is  a  quantifiable  variable,  the  conse¬ 
quences  of  which  are  easily  understood  bv  military 
trainers  and  natural  resource  managers.  The  most 
widely  accepted,  user-friendly  erosion  prediction 
model  currently  available  is  the  universal  soil  loss 
equation  (USLE)  (Wischmeier  and  Smith  1978).  The 
equation  has  the  form: 

A  =  R  x  K  x  LS  x  C  x  P 

and  provides  an  estimate  of  current  average  annual 
sheet  and  rill  erosion  (A)  as  the  product  of  factors  rep¬ 
resenting  climate  (/?),  soil  erodibility  (A),  topography 
(LS),  cover  (C),  and  conservation  support  practices  (P). 
Although  not  a  part  of  the  equation  per  se,  a  soil  loss 
tolerance  (7j  factor  is  also  commonly  used  in  conjunc¬ 
tion  with  the  USLE.  The  USLE  is  not  without  limita¬ 
tions,  particularly  when  extended  to  nonagronomic 
environments  (Blackburn  1980).  However,  when  used 
with  due  caution,  the  USLE  can  be  a  valuable  deci¬ 
sion-making  tool  for  land  managers  (Wischmeier 
1976). 

The  components  of  the  USLE  are  geographic  in 
nature,  thus  lending  themselves  to  manipulation  by 
computerized  geographic  information  systems  (G1S). 
Integrations  of  the  USLE  with  GIS  have  been  accom¬ 
plished  for  agricultural  lands  (Gilliland  and  Baxter- 
Potter  1987,  Spanner  and  others  1982).  The  objective 
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of  our  researc  h  was  to  integrate  the  US1.F.  witlt  satel¬ 
lite  imagery  anti  CdS  in  order  to  create  an  automated, 
erosion-based  land  classification  system  for  nonagrt- 
lultural  lands,  particularly  military  training  lands.  It  is 
beyond  the  scope  and  intent  of  this  article  to  evaluate 
the  accuracy  and  technic  al  limitations  of  the  I  SLE,  re¬ 
mote  imagery  interpretation,  and  (US  systems. 
Readers  interested  in  those  topics  are  referred  to 
Wischmeier  (1976),  Gamplxdi  (1987),  and  Walsh  and 
others  (1987).  respectively. 

Geographic  Information  System 

Geographic  information  systems  are  designed  to 
store,  manipulate,  analyze,  and  display  spatial  data  de- 
riyect  from  a  variety  of  cartographic  and  thematic 
sources.  The  GIS  selec  ted  for  this  projec  t  was  the  geo¬ 
graphic  resources  analysis  support  system  (GRASS) 
(Westervclt  and  others  1987),  a  public  domain  system 
developed  by  the  US  Army  Corps  of  Engineers,  Con¬ 
struction  Engineering  Research  Lalxmttory.  The  car¬ 
tographic  and  thematic  data  needed  for  this  study 
were  converted  to  50- m  grid-cell  (raster)  format  prior 
to  analysis.  Grid  cells  within  each  da'a  layer  repre¬ 
sented  the  respective  physical  land  attributes  of  50-m 
x  5()-m  areas  on  the  ground. 

Study  Area 

I  he  site  selected  lot  study  was  the  fort  Hood  Mili¬ 
tary  Reservation  near  Killeen,  Texas,  fort  flood  en¬ 
compasses  approximately  86,700  ha  in  centra)  Texas 
of  which  about  53,100  ha  are  intensively  used  fc  •  ar¬ 
mored  vehicle  maneuvers  (US  Department  of  the 
Army  1978).  Approximately  ‘25.100  ha  are  used  as  an 
artillery  impact  area,  rvhile  8200  ha  are  included 
within  the  cantonment  (built-up)  area.  Vegetation 
types  include  wtxxflands,  scrublands,  and  grasslands. 
A  long  history  of  heavy  grazing  lx»tli  before  and  after 
acquisition  by  the  Army  has  undoubtedly  contributed 
to  the  low  serai  plant  communities  that  currently  exist 
in  many  areas  at  f  ort  Hcxtd. 

Factor  Estimation 

li  Soil  erosion  is  greatly  ini  luenced  by  the  intensity 
and  duration  of  precipitation  events  and  by  the 
amount  and  rate  of  resulting  runoff  .  The  H  factor  is  a 
quantitative  expression  of  the  erosivity  of  local  average 
annual  precipitation  and  runoff.  It  can  lx-  obtained 
from  government  land  management  agencies  or  front 
isoerodent  maps  published  in  a  variety  of  sources  (e.g., 
De  Bcxxlt  and  Gabriels  1980,  Rogler  and  Schwert- 


tuann  1981,  Wischmeier  and  Smith  1978),  or  it  can  be 
calculated  (Wischmeier  1959,  Onchev  1985)  or  esti¬ 
mated  (Arnoldus  1980)  front  local  precipitation  data. 
At  Fort  Hood,  R  is  approximately  1680  M]  x  mm  x 
ha  1  x  hR"1  x  yt  ‘ 1  (275  lt-tons  x  in.  x  l(f  z  x 
acre-1  x  It R "  1  x  vr  ')  (Wirhmeier  and  Smith 
1978).  Because  II  is  generally  constant  within  an  area 
the  size  of  a  military  installation,  there  was  no  need  to 
create  a  special  data  layer  for  this  factor  within 
GRASS. 

A.  This  factor  reflects  the  natural  erodibility  of 
soils.  It  is  dependent  u|x>n  soil  texture,  organic  matter 
content,  structure,  and  permeability.  The  K  factor  tor 
many  soil  series  is  published  in  local  or  regional  soil 
surveys.  In  the  absence  of  a  soil  survey,  A  may  be  de¬ 
termined  using  a  soil  erodibility  nomograph  (Wisch¬ 
meier  and  Smith  1978)  and  information  from  labora¬ 
tory  analyses  of  soil  samples  collected  in  the  field.  A' 
factors  for  the  soil  series  excurringon  Fort  Hood  were 
available  in  a  county  soil  survey  (McCaleb  1985). 
Values  ranged  from  0.01  to  0.05  t  x  hR  x  MJ  1  x 
mm-1  (0.10-0.37  t  x  hR  x  10*  x  ft-r1  x  in.'1), 
with  larger  numbers  reflecting  greater  erodibility. 
Using  these  values,  an  existing  soil  series  data  layer 
was  ret  kissed  by  assigning  the  A  values  to  the  respec¬ 
tive  soils.  'The  result  was  a  K  data  layer  representing 
the  relative  erodibility  of  soils  at  Fort  Hood. 

LS.  The  rate  of  soil  erosion  by  yvater  is  significantly' 
affected  by  both  the  length  and  steepness  of  land 
slopes.  The  LS  factor  provides  a  quantitative  represen¬ 
tation  of  these  topographic  effects.  At  Fort  Hood, 
slope  length  and  gradient  were  determined  in  the  field 
at  320  points  in  a  stratified  random  fashion  according 
to  soil  series.  Slope  length  was  measured  as  the  over¬ 
land  distance  from  the  point  of  origin  of  runoff  to  a 
point  where  the  slope  gradient  decreased  sufficiently 
to  cause  deposition  of  suspended  sediment  or  to  a 
point  where  runoff  entered  a  defined  channel.  The 
slope  length  and  gradient  values  for  each  sampled 
point  were  entered  into  a  slope  effect  chart  (W'isch- 
meier  and  Smith  1978)  to  derive  a  unitless  LS  value. 
The  soil  series  data  layer  was  reclassed  using  a  mean 
l.S  value  for  each  soil  series,  thus  creating  an  LS  data 
layer.  LS  values  at  Fort  Htxxl  ranged  from  0.2  to  4.14, 
with  the  higher  values  indicating  greater  erosion  po¬ 
tential. 

('.  This  factor  reflects  the  degree  of  erosion  pro¬ 
tection  afforded  by  various  soil  covers.  On  rangelands, 
C  is  dependent  upon  the  kind  and  amount  of  cover  in 
contact  with  the  soil,  and  the  height  and  extent  of  veg¬ 
etative  canopy.  In  order  to  estimate  C,  a  LANDSAT 
multispeetral  scanner  (MSS)  image  (#850871 16251X0, 
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July  20,  1986)  was  obtained  for  the  Fort  Hood  area.  A 
computer-generated,  unsupervised  classification  was 
made  of  the  image  based  upon  spectral  signatures  in 
the  green  (0.5-0. 6  p.m),  red  (0.6-0. 7  p.m),  and  two 
neaf-infrared  (0.7-0.8  |xm  and  0.8- 1.1  jam)  wave¬ 
length  bands.  This  classification  process  resulted  in  23 
land-cover  categories. 

Whereas  previous  attempts  to  integrate  the  USLE 
with  satellite  imagery  have  lumped  spectral  categories 
into  broad  agronomic  classes  with  predetermined  C 
factors  (e.g.,  Gesch  and  Naugle  1984,  Spanner  and 
others  1982),  we  determined  C  using  information 
from  122  permanently  established  point-intercept  veg¬ 
etation  transects  sampled  during  July  and  August 
1986.  Cover  values  were  determined  by  entering  the 
vegetadon  data  into  a  C-factor  table  for  permanent 
pasture,  rangeland,  and  idle  land  (Wischmeier  and 
Smith  1978).  Each  of  the  spectrally  recognized  land- 
cover  categories  was  defined  according  to  the  mean  C 
value  of  the  transects  represenung  that  category. 
Land-cover  categories  at  Fort  Hood  had  C  factors 
ranging  from  0.02  to  0.17. 

The  C  factors,  as  well  as  the  resuldng  erosion  esu- 
mates,  may  be  considered  conservadve,  since  thev  do 
not  account  for  the  physical  disturbance  caused  by  mil¬ 
itary  training  maneuvers.  Research  does  not  currendy 
exist  to  establish  C  for  lands  disturbed  by  military 
training  activity. 

P.  This  factor  is  a  quanutadve  expression  of  the 
miugadng  effect  that  conservadon-support  pracdces 
(e.g.,  contour  ullage,  strip  cropping,  terraces,  etc.) 
have  on  the  erosion  process.  Such  conservadon  prac¬ 
dces,  however,  are  generally  incompauble  with  military 
training.  Therefore,  P  was  assigned  a  constant  value  of 
1,  such  that  it  had  no  effect  on  the  erosion  esdmate 
provided  by  the  USLE. 

T.  Although  not  actually  a  component  of  the 
USLE,  T  is  nonetheless  an  important  element  in  the 
development  of  an  erosion-based  land  classificadon 
system.  It  is  an  expression  of  the  soil  loss  tolerance,  or 
the  amount  of  soil  erosion  that  can  be  sustained  on  an 
annual  basis  without  causing  significant  reductions  in 
long-term  plant  producdvity.  It  is  dependent  upon  lo¬ 
cally  intrinsic  rates  of  soil  formadon  and  soil  depth. 
Annual  soil  loss  tolerance  values  generally  range  from 
2.2  to  11.2  t/ha  (1-5  t/acre).  T  factors  are  often  pub¬ 
lished  in  soil  surveys  but  may  also  be  obtained  from 
government  land  management  offices  or  may  be  esd- 
mated  based  upon  the  roofing  depth  of  the  soil 
(McCormack  and  others  1982).  Using  published  T 
values  (McCaleb  1985),  a  T  data  layer  for  Fort  Hood 
was  created  by  reclassing  the  soil  series  data  layer. 


Products 

Bv  itself,  the  annual  soil  loss  esdmate  (A)  provided 
by  the  USLE  is  of  little  pracucal  value  in  developing  a 
land  classification  scheme.  An  erosion  status  or  rauo  of 
esumated  soil  loss  to  soil  loss  tolerance  is  a  more  accu¬ 
rate  index  from  which  tc  evaluate  the  condidon  of  the 
land,  hence  the  equauon 

Erosion  status  =  (RxKxLSxCx  P)/T 

The  soludon  to  this  equauon  was  produced  by  per¬ 
forming  the  mathemadcal  operauons  within  GRASS 
on  a  cell-by-cell  basis.  For  Fort  Hood,  this  involved  ap¬ 
proximately  352,000  separate  calculations,  each  with 
the  potenual  for  a  different  answer.  The  resuldng  data 
layer  was  reclassed  into  six  categories,  each  reflecdng  a 
range  of  erosion  status  values  (Figure  1).  Erosion 
status  values  less  than  90%  indicate  that  current  soil 
loss  esdmates  are  safely  below  soil  loss  tolerance,  and 
therefore  represent  varying  degrees  of  sadsfactory  soil 
erosion  status.  Lands  included  in  the  third  category 
(90%- 109%)  are  considered  marginal,  while  lands 
with  erosion  status  values  greater  than  1 10%  depict 
areas  of  increasingly  unsausfactory  condidon. 

Another  variable  of  interest  to  the  military  lane, 
manager  is  the  inherent  erosion  potenual  of  the  land 
The  only  component  of  the  USLE  that  is  altered  from 
year  to  year  by  man’s  use  of  the  land  is  the  vegetauve 
cover  factor  or  C  factor.  Once  determined,  all  other 
factors  remain  constant  for  any  given  grid-cell.  By 
subsutuung  T  for  A  in  the  USLE,  and  solving  for  the 
reciprocal  of  C,  the  equauon  becomes 

El  =  (R  x  K  x  LS  x  P)/T 

The  product,  El,  can  be  considered  an  erodibility 
irdex.  Areas  with  erodibility  index  values  greater  than 
8  are  considered  highly  erodible  land  (Benbrook 
1988).  At  Fort  Hood,  El  values  ranged  from  2  to  100 
(Figure  2). 

Applications 

A  land  classificadon  system  based  upon  soil  erosion 
has  a  broad  range  of  applicadons  that  are  of  potential 
value  to  military  trainers  and  land  managers.  They  in¬ 
clude: 

1.  Land  condidon  inventories.  Color-coded  maps 
can  be  provided  that  graphically  illustrate  the  current 
erosion  status,  erodibility  index,  or  any  of  the  USLE 
component  data  layers,  thus  providing  a  visual  inven¬ 
tory  of  the  land  condidon  or  characterisdcs.  In  addi- 
don,  GRASS  can  be  used  to  produce  a  numerical  or 
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0-49  *  OF  TOLERANCE 
50-  B9  $8  OF  TOLERANCE 
90-109  58  OF  TOLERANCE 
110-149  58  OF  TOLERANCE 
150-199  58  OF  TOLERANCE 
>  200  58  OF  TOLERANCE 
WATER 


ft gure  1.  Erosion  status  map  for  Fort  Hood,  iexas.  Erosion  status  is  the  ratio  of  estimated  soil  loss  to  the  level  of  soil  loss 
tolerance.  Values  less  than  90%  indicate  that  current  soil  erosion  estimates  are  safely  below  tolerance  limits.  Areas  in  the 
90%-109%  range  are  marginal;  values  110%  and  greater  reflect  levels  of  increasingly  unsatisfactory  soil  erosion  status. 
Training  areas  are  bordered  in  white. 
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values  indicate  low  erosion  potential;  soils  with  values  greater  than  8  are  considered  highly  credible.  Training  areas  are  bor¬ 
dered  in  white. 


9 


tabular  accounting  ot  the  extent  ot  various  ( ategories 
within  a  given  data  laver.  Comparisons  ot  maps  or  re¬ 
ports  of  the  erosion  status  data  laver  trom  vear  to  vear 
can  reveal  trends  of  improving  or  dedining  land  con¬ 
dition 

2.  d  raining  schedules.  Based  upon  the  spatial  dis¬ 
tribution  ot  erosion  status  and  erodibilitv  index  catego- 
iies,  various  tvqres  of  militarv  training  activities  can  be 
scheduled  in  areas  most  capable  of  sustaining  them 
Intensive  activities  such  as  tracked  vehicle  maneuvers 
should  be  scheduled  to  avoid  severely  degraded  and 
highlv  sensitive  areas.  In  addition,  a  mean  erosion 
status  or  erodibilitv  index  can  be  calculated  for  indi¬ 
vidual  training  areas  at  a  given  militarv  installation  to 
facilitate  scheduling  based  upon  the  abilitv  of  the  re¬ 
spective  areas  to  support  militarv  maneuvers. 

3.  Training  area  demarcation.  The  erodibilitv 
index  data  layer  can  lie  used  to  demarcate  training 
areas  at  militarv  installations  such  that  the  land  in¬ 
cluded  within  each  training  area  is  relatively  uniform 
in  terms  of  its  inherent  capacity  to  withstand  training 
pressure.  This  will  greatlv  simplify  the  management 
and  scheduling  of  training  areas. 

4.  Land  rehabilitation.  The  erosion  status  data 
laver  is  useful  in  identifying  areas  that  are  potentially 
overused  or  badly  degraded  and  that  are  in  need  of 
rest  or  some  form  of  land  rehabilitation  treatment. 
These  areas  should  be  removed  from  training 
schedules  until  their  condition  has  improved  to  the 
point  where  thev  can  again  support  training  activity 
wither’  exc  eeding  tolerable  levels  of  soil  loss. 

5.  Land  acquisition.  Both  the  erosion  status  and  the 
erodibilitv  index  can  provide  valuable  criteria  for  eval¬ 
uating  sites  proposed  tor  acquisition.  Lands  identified 
as  badly  degraded  or  highly  erodible  should  not  be 
considered  for  purchase  or  lease. 

Future  Improvements 

Although  the  erosion-based  land  classification 
system  is  a  valuable  land  management  tool  in  its 
present  form,  there  are  several  components  that  may 
be  improved  through  additional  research.  For  ex¬ 
ample,  LS  values  are  presently  assigned  as  an  average 
for  each  soil  series.  Using  high-resolution  digital  eleva¬ 
tion  data,  however,  it  may  be  possible  to  estimate  LS 
values  on  a  cell-by-cell  basis.  Such  an  improvement 
would  add  considerable  accuracy  to  the  erosion  status 
and  erodibility  index  data  layers,  particularly  for  soils 
that  cover  a  wide  range  of  slope  gradients. 

Improvement  of  the  land-cover  G  values  may  be 
possible  with  the  use  of  alternative  sources  of  remotely 
sensed  imagery.  LANDSAT  thematic  mapper  imagery 


and  SLOT  imagery  can  improve  the  grid-cell  resolu¬ 
tion  to  SO  m  or  20  m.  respectively.  1  lie  l.ANDSA  I 
(hematic  mapper  and  other  sources  provide  electro¬ 
magnetic  speciral  bands  that  are  unavailable  from  the 
LA. MIS  AT  multispectral  scanner.  1  he  use  of  ihe  ad¬ 
ditional  bands  pi  us  techniques  such  as  band  ratios, 
mav  enhance  the  user's  ability  to  accurately  identify 
and  differentiate  between  land-cover  categories 

Advances  in  erosion  modeling  will  also  add  signifi¬ 
cantly  to  the  utility  of  the  classification  system.  I  he 
universal  soil  loss  equation  is  undergoing  revisions  in 
the  methods  used  to  calculate  the  LS  and  ('.  factors 
(Renard  l‘j;i7).  In  addition,  an  alternative  to  the 
I  SLE,  currently  being  developed  bv  the  US  Depart¬ 
ment  of  Agriculture,  Agricultural  Research  Service,  is 
scheduled  for  general  release  in  1992  (Foster  and 
Lane  1987). 

Conclusions 

Many  of  man  s  activities,  including  military  training, 
have  the  potential  to  adversely  affect  the  environment. 
As  stewards  of  the  land,  it  is  our  responsibility  to  miti¬ 
gate  these  impacts  to  the  best  of  our  ability.  The  land 
classification  system  described  herein  incoi  porates 
state-of-the-art  erosion  modeling,  remote  sensing,  and 
geographic  information  processing.  While  none  of 
these  technologies  is  perfect,  their  integration  provides 
a  graphic,  quantifiable  appioxiniation  of  the  sensitivity 
and  current  condition  of  land  resources  as  thev  relate 
to  soil  erosion.  Although  developed  primarily  to  ad¬ 
dress  militarv  land  management  concerns,  the  system 
should  have  utility  for  managers  of  nonmilitary  lands 
as  well. 
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